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[57] ABSTRACT 

An in^^roved liner and method is taught for use in protecting 
a wearer's skin from moisture retention when worn with 
prosthetic devices and other substantially non-breathable 
shells. The liner is form fitted to attach to a wearer without 
bunching or other pressure points which can cause skin 
initfltion. Preferably, fee lins comprises a membrane of 
expanded polytetrafluorocthylene coated on its inteiia sur- 
face with a polyurethane material to aid in moisture Isolation 
and to protect the liner from compromise due to oils and 
other contaminants found in perspiration. The liner is effec- 
tive at shielding a wearer's sHn from moisture even when 
worn with no separate absco-bent layer. 

1 Claim, 4 Drawing Sheets 
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UNING MATERIAL FOR USE WITH 
PROSTHETICS AND SIMILAR DEVICES 
AND METHOD FOR MAKING AND USING 
SAME 

RELATED APPUCATIONS 

This application is a continuation of application Ser. No. 
08/457 i28 filed Jun. 1, 1995» now abandoned, which is a 
Divisional of a?)plication Ser. No. 08/123,744, filed Aug. 25, 
1993, now U,S. Pat. No. 5*480*455. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to liners for use with pros- 
thdics and similar devices worn in dose contact with a 
wearer* s sWn where dissipation of x>crspiration is a concern. 

2. DesGrq>tio& of Related Ait 

A common problem in pladng any material with low or 
no air permeability (**hreathahility**) in contact with a wear- 
er's skin is that perspiration cannot evaporate and tends to 
build-up between the skin and the non-hrcatfaable matcriaL 
With only passing use, this condition leads to an uncom- 
fortable damp or clanamv feeling.. In more extreme 
circumstances » such as with the prolonged use of a prosthetic 
device covering a limb, the accumulation of moisture fully 
hydrates the skin, which in its softened, wet condition leads 
to skin irritation, maceration, and rapid bacteria growth. 

The prc^em of moisture build-up with prosthetic use is a 
paiticuiariy serious one. Generally prosthetic devices such 
as artificial limbs must be constructed from durable material 
to withstands the vigors cf use. Materials such as metal or 
high impact plastic provide the necessary degree of 
durability, but offer very poor t^cathabiUty. 

The problem of nK>isture tMiild-tp in the interface with 
prosthetic devices is particularly dangerous for diabetic 
patients, and especially those experiencing Pexqxheral Vas- 
cular Disease (PVD). PVD is a major cause of amputation 
in the United States and a patient typically exp«ienccs 
an^tation of a lower limb within 20 years of its onset. This 
is because impaired circulation affects netve endings, so 
sensation is decreased, and minor bruising, rubbing or skin 
irritation can occur without the patient e^>criencing any 
discomfort. A minor break in the skin can quickly lead to 
ulceration, possible gangrene and eventual amputation. 

Dry skin nonnally equates to healthy skin and this is 
particularly true for certain high risk groups, such as a 
diabetic with IVD. Use of a non-breathing attachment to a 
prosthetic device, such as nec^ene or silicone, which is 
fitted as a second skin having little or no air gap, necessitates 
frequent changes of a sqiarate absorbent layer, or else 
moisture vapor generated by the pores of the wearer's skin 
transforms to liquid and hydrates and softens the skin. When 
totally hydrated, "immersion skin" develops and any jm^s- 
sure or movement caused by loose fitting prosthesis or linff 
on the softened skin results in a blister type formation, and 
large areas of skin dehraiding. 

To address the problem of moisture build-up. traditionally 
the wearer of a prosthetic device has employed a thick sock 
of wool or similar material between his or her skin and the 
prosthetic. This has accoiiq)lished a number of important 
functions, including providing a wick to renaove perspiration 
from the skin, improving the fit between the wearer and the 
device, and cushioning the wearer from shock during usage. 
Unfortunately, the sock performed none of these functions 
particulariy well. As a wick, a conventional sock device 
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tends to be good at initial moisture removal, but will 
eventually become saturated with moisture requiring 
repeated changing. Additionally, witii materials such as 
wool odw control with the wrt material was another 

5 unpleasant problem. Due to constraints of conventional 
matcziab, flic sock-type device was even poorer in perfor- 
mance in providing fit and comfort to the wearer. As a result 
conventional prosthetics did not fit well and offered meager 
shock absorption. 

10 Mor e recent advances have provided vast improvemg nts 
in flie fit and shock absorption ot prosthetic device s. The 
inclusion of tight fitting interfaces of neoprene or Silicone 
rut)ber and similar materials assure that devices can be kept 
snugly in place during use and that the wearer will be 

15 effectively cushioned from shock. Regrettably, these mate- 
rials only worsen the problem of moisture retention, with the 
tighter elastonKric fit offering reduced opportunity for mois- 
ture diss^ation and die typical cushioning layer being poor 
at removing moisture away from the wearcr*s skin. 

^ In response to some of these concerns, it was proposed in 
UK Patent i^lication GB 2il3,3SO, published Aug, 16. 
1989, to form a limb cover from a waterproof yet bre athable 
microporous expanded polytetrafluoroethylcne (PTFE) 
membrane which will pennit the passage of moisture 

^ through it into an absc^nt layer such as a sock- The 
absorbent sock serves to absorb pearspiration and allows it to 
evaporate from the exposed surfaces of the sock; the mem- 
brane serves to prevent perspiration from passing back 
through to the wearer's skin. In order to get the membrane 

^ to fit on die wearer's limb, it is taught that a single mem- 
brane should be cold formed into a cup-shaped area suitable 
{<x insertion of the limb. The excess remainder of the 
membrane is then folded and wrapped around the sides of 
the limb. 

While the above device may work well for its intended 
purposes, it simply fails to address many of the concerns 
presented by in^oved prosdictic devices. First, the method 
of forming and wearing die PTFE membrane is simply 
inadequate for comfartable use of improved cushioning 

^ devices. For example, when inserted into a tight fitting 
silicone sjeeve regularly worn b etwee n the wearer and the 
prosth^s, the bunching of the PTFE material around the 
side of the limb can lead to chafing and masceration. 

^5 Second, the use of non-absorbent devices like silicone 
sleeves simply cannot provide the absorbance sought with 
absorbent wool or acrylic socks. As a result, either the 
silicone sleeve must be worn over the absorbent sock — 
diminishing fit and feel, or the material must be worn 
without an absorbent layer— removing the intended mecha- 
nism for dissipating the moisture. 

Third, the British reference does not address the concern 
that expanded PTFE membranes can become contaminated 
with oils from the body which can result in loss of tficir 

53 water repellency. This may be of limited concern when worn 
in contact with an absorl)ent layer which can wick moisture 
away from the membrane, but is fatal to die operation of the 
device if the membrane is employed with no absorbent layer. 
A different use of a lining material is disclosed in U.S. Pat 

60 No 5,016,622 issued May 21, 1991, to Jean Norve lL This 
device comprises a tube or wr^ of expanded FTFE used as 
a Una for orthopedic casts. The tube or wrap is covered with 
a layer of padding (e.g. cotton or polyester), from which 
evaporation can occur, which is in turn coated with the 

65 immobiliziag layer of the cast. Although diis device works 
quite well for its intended purposes, the teaching of diis 
patent again relies upon a separate absorbent layer to dissi- 
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pate moisture away from the wearer as well as a rigid casting The liocr of &c prcscot invcatioa is f onn-fittcd over the 
material, cushioned by padding, open at the distal and wearer's body and preferably comprises a membrane of a 
proximal ends of the cast This constnicdon guarantees a water repellent yet moisture v^r permeable material, such 
email air gap will remain between the skin and the casting as expanded polytetrafluoroethylene (FTFG). which has 
material to allow the evaporation of moisture. 5 been coated on its interior surface with a layer of 

By contrast a prosthetic device is custom fitted to a hydrophiHc/oleophobic material, suc h as p olyurcthane. The 
wearer as a "second skin" through a process of negative and intcriOT coating serves to jootcct the PTFE membrane from 
positive molds. As such, the prosthesis represents ihc exact compromise due to oils found in perspiration and is further 
contours of the wearer' s limb, with virtually no case allowed beUcvcd to contribute to the moisture Isolating properties of 
whatsoever. In fact, in some|ffosAcses,-a4iailial vacuumJs ^0 the present invention. 

deliberately induc»d"'S^tl3n"^ieTjntcrfaa t o the lin^ to The liner may be constructed in the following manner, 
ensure^creased fat-in-t h^ devjc^and'tfielotal exclusion of First two layers of the membrane are fonncd. each in the 
anyair gi?). In this"respect U.S. Pat No. 5,016,622 offers no outline of that part of the wearer's body over which &e 
instructiOD^f how to improve the interface between a non-breathable device is to be worn. The membrane layers 
prosthetic device and its wearer. &re dien heat sealed together to form a flat, smooth seam 

In other fields besides prosthetics, similar concerns have a^o^g ^ but one optn end of the liner. When a Imb is 
arisen. For example, it is common practice in many sports ^""^^ ^^"^ *»P^ c""* Una will form a 

such as footbaU and ice hockey to employ extensive pads smooth fit over die limb, wife no bundung or raised pressure 
and braces to i^otcct against injury. TTie more extensive of Points which mi^t tend to cause skin irritation, 
these pads generally comprise hard, in^jervious shells with ^ In use, the liner of the present invention is extremely 
a laycx of foam or other resilient material coated within. Not effective at isolating a wearer's sldn firom moisture hydra- 
suiprisingly, in the course of athletic contests a tremendous lion over an extended period of time, even without the 
moisture build-up can occur within these pads which can presence of a separate absorbent layer. As such, the liner of 
lead to discomfort and skin irritation. While various absc»- the present invention can be worn in inti mate rfmtart 
bent materials such as cotton or polymer fabrics are rcgu- ^ between a wearer's skin and a substantially^ on:fa eathable 
lariy worn under some erf these pads to absorb excess sheli without compromising the fit and^eet interface 
moisture, this provides only limited relief and does not serve liclWfefiki the wcaier and Ihc shclt 
to isolate the wearer's skin adequately from the perils of DESCRIPnON OF THE DRAWINGS 

moisture build-up. 

Otherareasofconcemwhexemoisture-buildupcanoccur ^ operation of the present invention should become 

beneath a non-brcathable material include the use of oitiiotic ^PP^^^t from the foUowmg description when considered in 
body supports, cam walkers and other orthotics, orthosis conjunction with the accompanying drawings, in which: 
systems, and braces, as well as immobilizing braces and FKl. 1 is an clevational view of a liner of the present 
devices used to treat cumulative trauma disorders. „ invention shown worn on a wearer's limb and shown in 
Additionally, moistoie accumulation is likewise a problem exploded orientation with a silicraie sleeve to which a 
with other pads and safety garments (e.g. flak jackets) which prosthetic device is attached; 

provide limited fareathabUity while worn in intimate contact FIG. 2 is a side view of two halves of a meinbrane used 
with the skin. to f<»in a liner of &e present invention; 

Acccffdingly, it is a primary purpose of the present inven- 40 FIG. 3 is a side view of the liner of the present invention 
tion to provide a liner for a substaiUia^non-faej |ha Me assembled from the membrane segments shown in FIG. 2; 
§)^wom against a wcMCT's^Sfin wfiicirctrectivety isolScs FIG. 4 is a front view of the liner shown in FIG. 3; 
moisture frtim the wearer skin. PXG. 5 is a plan view of another embodiment of a liner of 

It is another purpose of the present invention to provide the present invention, wherein the liner is constructed from 
such a liner which provides a smooto fit between the wearer 4S a single segment of membrane; 

and the shell so as to avoid problqns of chafing and ojier fig, 6 is a side clevational view of a press ^aratus used 
skin irritation. in the construction of liners of the present inventioiL 

It is still another purpose of the present invention to DHTAILED DESC3lIFnON OF THE 

provide such a liner which can be safely worn in direct INVENTION 
contact with a wearer's skin, even during periods of excess ^ ^ .... ^ ^ 

perspiration, without compromising its effectiveness. present invention is an unproved W for use in a 

, . , .2 * vanety of appUcations where i^sttiesis or other relatively 

It is an addmona^ purpose of tiie present imrention to j^^^^^bifsbell is worn in intimate contact with a wear- 
provide a bncr which can effectively isolae a wearer s skin er^kin 

from moisture even when worn widiout a separate absorbent r*-. in -^^»«t 

^ >-i I . ^ 59 Shown in FIG. 1 is a liner 10 of the present mvention 

shown worn over a limb 12 of an amputee. As is commonly 

It is yet another purpose of the present invention to en^,ioyed today, a tight fitting elastic siUcone sleeve 14 is 

provide mrthods for constructing and employing sudi a liner the limb 12 to provide a mechanism fw attach- 

which will provide the above benefits. ^^^^^ ^ prosthetic device, such as through tfie use of a bolt 

These and other purposes of the present invention will ^ or saew device 16 adapted to be attached to a complemen- 

become evident from review of the following specification. tary device in the prosthetic. In addition to providing a 

^„ secure interface with the prosthetic, the elastic sleeve 14 also 

SUMMARY OF THE mVENnON ^^.^ ^^^^^^^ rearer's limb 12 during use. 

The present invention is an improved liner for use with Unfortunately, most materials used as a sleeve which pro- 

prosthetics, orthotics, and similar substantially non- 63 vide the necessary degree of fit and cushion also tend to be 

breadiable devices, and method for construction and use, to impermeable to moisture vapor transmission, thus making 

protect a wearer's skin from moisture retention. moisture build-up within the sleeve a distinct dilemma. 
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In orda to address this problem, ttie liner 10 of the present 
invention is constructed from a membrane 18 that is water 
repellent yet moisture vapor permeable. In this way, perspi- 
ration from the wearer's skin can dissipate through the 
membrane in a vapor fomi, but cannot re-penetrate the 5 
memibrane as a condensate. 

Preferably, the raiemhrane 18 employed in the present 
invention comprises a sheet of polytetrafluoroefliylene 
(FTFE) which has been expanded to create a network of 
fibrils interconnecting polymeric nodes. This material is »o 
resistant to water penetration while permitting the transmis- 
sion of moisture vapor through it. Such a product can be 
produced in a known manner* such as in accordance with the 
teachings of U.S. Pat. No. 3,953^66 issued Ajw. 27, 1976, 
to Gore. 

One concern with this material is that its wateti^oof 
properties can be compromised by contamination with cer- 
tain oils» such as those excreted by the body in perspiration. 
This problem can be corrected by treating one side of the 
expanded FTFE membrane with a continuous coating of a ^ 
hydrophilic/oleopbobic material such as polyurrthane which 
permits the passage of moisture v^r but shields the 
expanded FTFE material from oil contamination. One such 
laminate is disclosed in U.S. Pat No. 4494,041 issued Mar: 
18, 1980, to Gore et al. Other polyurethanes which may be ^ 
useful for this purpose arc described in U.S. Pat. Nos. 
4,532316 issued JuL 30, 1985, to Henn, and 4,942,214 
issued Jul 17, 1990, to Sakhpara, 

Suitable coated expanded membrane noaterials wtiich can ^ 
be employed in the present invention are manufactured in a 
variety of forms by W. L. Gore & Associates, Inc., of Elkton, 
MD, under the trademark GORE-TEX< &. Th e preferred 
material comjifises a conq>osite expanded FTFE film coated 
with a continuous hydrophilic/oleophobic polyurethane ^ 
layer and weighing approximately 29 g/m'. This material Is 
identified by W. L. Gore & Associates, Inc. imder specifi- 
cation Part Number 20048-1, Level 3, ISO 9000. 

By way of example, one suitable membrane tested as 
suitable for use in the present invention comprises a comr ^ 
poshc with the follow characteristics: (1) a micropwous 
expanded FTFE membrane having a mass of about 17 g^m^; 
approximately a 80* pore volume; a resistance to air flow 
(Gurley Number) of ajjproximately 5 seconds; and a Bubble 
Point of approximately 20 psi; and (2) a continuous, non- 
porous coating of polyurethane applied to the microporous 
expanded FTFE meml^ane in acc<^dance with U.S. Pat. No. 
4,194,041 in a layer coniprlsing ^)proxlmately 12 gMi^. The 
presently preferred polyurethane com^srises a HYPOL 2000 
hydrc^>hilic pre-polymcr available from W. R. Grace & Co., ^ 
Lexington. Mass., cured with an amine curing agent. 

The conoposite membrane has the following properties: a 
Burst Strength (restrained) of 170 psi; a Molsmre Vapor 
Transmission Rate (MVTR) of approximately 13,000 g/mV 
day; a tensile strengtfi of about 4,000 psi in the transverse 53 
direction and about 2.400 psi in the longitudinal direction; 
and a weight of about 29 g/m^. 

The resistance of the uncoated membrane to air flow was 
noeasurcd by a Gurley densometer (in accordance with 
ASTM Standard D726-58) manufactured by W. & L, E 60 
Gurley & Sons, The results arc reported in terms of Gurley 
Number which is the time in seconds for 100 cubic centi- 
meters of air to pass through 1 square indi of a test san^>le 
at a pressure drop of 4.88 inches of water. 

The Bubble Point of porous FTFE was measured using 65 
isopropyl alcc*ol following ASTM Standard B16-86. The 
Bubble Point is the pressure of air required to blow the, first 
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continuous bubbles detectable by the t heir ri se through a 
layer of isopropyl alcohol covering the FTFE media. This 
measurement provides an estimation of maximum pore size. 

Bunt Strcngtti was measured by en^loying a modified 
procedure similar to that set forth In ASTM Standard D75 1- 
89 employing a MuUen Type Hydrostatic Tester. The ASTM 
procedure was followed, except that a support of 1.8 oz. 
nylon tafFcta fabric was appHod over the membrane com- 
posite to prevent it from excessively stretching and brealdng 
prematurely. The indicated pressure was the pressure at 
which water pressure ruptured the restrained membrane 
composite. 

The Moismre Vapor TVansmission Rate (MVTR) was 
determined by mixing approximately 70 ml of a solution 
consisting of 35 parts by weight of potassium acetate and 15 
parts by weight of distilled water and placing it into a 133 
ml polypropylene cup, having an inside diameter of 6.5 cm 
at its mouth. An expanded polytetrafluorocthylene (FTFE) 
monbrane having a minimum MVTR of approximately 
85.000 gto^/24 hrs. as tested by Ae method described in 
U.S. Pat No. 4,862,730 to Crosby and available from W. L. 
Gore & Associates, Inc. of Newark, Dd., was heat scaled to 
the lip of die cup to create a taut, leakproof. micro porous 
barrier containing the solution. A similar expanded FTFE 
monbrane was mounted to die surface of a water bath. The 
water bath assembly was controlled at 23** C plus 0.2° C 
utilizing a ten4>eratiiFe controlled room and a water circu- 
lating bath. 

The sample to be tested was allowed to condition at a 
temperature of 23° C. and a relative humidity of 50% prior 
to performing the test procedure. Sauries were placed so the 
microporous polymeric membrane was in contact with the 
expanded polytetrafluoroethylene membrane mounted to &e 
surface of the water bath and allowed to equilibrate for at 
least 15 minutes prior to the introduction of the cup assem- 
bly. 

The cup assembly was weighed to the nearest 1/1(X)0 g 
and was placed in an Inverted manner onto the center of the 
test sample. Water tran^xirt was provided by the driving 
force between the water in the water bath and die saturated 
salt solution providing water fiux by diffusion in that direc- 
tion. The sample was tested for 5 minutes and the cup 
assembly was tiien removed, weighed again within 1/1000 g. 
Iht MVTR of the sample was calculated fi'om the wdgjit 
gain of the cup assembly and was expressed in grams of 
water per square meter of sample surface area per 24 hours. 

The tensile strength was determined in accordance with 
ASTM D-882 (Tfensilc Properties of Thin Plastic Sheeting) 
using an Instron Tensile Tester, Scries DC. 

The above described material addresses the concern that 
the membrane 18 must be maintained waterproof even under 
conditions with heavy sweat containinatioD. As such, the 
indusion of a continuous polyurethane ox similar oleophobic 
coating on the expanded FTFE nkembrane serves to protect 
the waterproof properties of the menobrane even when the 
naembrane is exposed to extensive perspiration. 

For reasons not fiiUy understood to date, far better pcr- 
fonnance of the present invention has been observed when 
the polyurethane coated side of the inemfarane is oriented in 
direct contact with the wearer's skin. When worn in tfus 
manner, the skin remains dry, even when the wearer is 
generating excessive perspiration (e.g. by lifting weights or 
other strenuous activities) while wearing a prosthetic device 
without an abscrption or evaporation media on the other side 
of the membrane. 

It is a fttrther important property of the liner 10 of the 
present invention that it is adapted to fit prcdsdy over the 
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wearer's limb 12 to create a smooth and sometimes snug or as a DANLY brand press, is paired with a heated platen 

tight ifiteiface between the wearer and the prosthetic sleeve employing miilt^le cartridge heatexs having a temperature 

14. Due to the close fit provided by the sleeve, there is very range from room tempcmture to 450** C The press 38 

little tolerance for any bunching or pressure points of the comprises: a anvil 40 with a resilient silicone coating 42; a 

liner 10 within the sleeve 14. Accordingly. &e liner 10 5 die 44 in the shape of the liner, a heated platen 46. inckding 

should be sized to match the contours of that p<»1ion of the multiple cartridge heating units 48, in tfaemally conductive 

wearer's body over which it is applied. One method of comnuinicatioD wiA fiie die 44; a height adjustnoent mecha- 

producing a fitted liner 10 is shown in RGS. 2 and 3. nism 50; and a temperature indicator 52 and temperature 

As is illustrated in FIG. 2, the rocmhranc 18 is cut into two control 54. 

segments 20, 22, each segment matching the outline of ^e 10 In operation, the layers of membrane 56a 566 are placed 

part of the wearer' s body over which the membrane is to be upon the coated anvil and positioned beneath the die 44. The 

wcm. Additional material should be provided around the die is heated to sealing temperature. For a poiyurethane 

edge of the membrane segments as shown. coated expanded FTFE. the scaling temperature is b^een 

Once the segments 20, 22 are prepared, die two segments 200** and 350** C. Once the press 38 has reached the desired 

arc mounted ovff top of one another to form two layers of ten^jcrature, the press is closed to place the die in sealing 

matching shape. The poiyurethane coated sides of each contact against Ihc membrane 560. 566 for 1.5 to 3 seconds 

segment of the membrane should be positioned inwardly to and then released. Once sealed, the lin«s can be trimmed of 

abut themselves. Once oriented in this manner, a heated pen pcriphaal malcriaL It should be evident diat multiide liners 

OT similar device issued along outline lines 24, 26 to fuse can be formed in this naanner simultaneously, 

the two layers togedter. By using a heat source of approxi- ^ Once fanned, the liner of die present invention can be 

mately 200** C. (within a general range of 200* to 350* C), worn in direct contact with the wearer's skin. Since die liner 

the poiyurethane will serve to bond the membrane segments is form-fitted to match the contours of that portion of the 

together as is shown in FIGS. 3 and 4. wearer* s body to which a prosthesis is ^cfaed, the liner can 

The ideal seal comixises an even seam 28 of approxi- he worn as a sole layer in direct contact widi both die skin 

mately Ve indi extending partially around the edge of the ^ and die prosthesis. No intermediate sock or other cushioning 

membrane segments along a first portion. A second portion, l»ycr is required. AdditionaUy, die very diin nature of the 

end 30, of toe memtrane U left unsealed to allow insertion membrane employed in the present invention allows its use 

of the wearo-'s limb. Once sealed in diis manner, any excess in e ven very snug fitting silicone sleeves and similar devices 

material on die outside of the seam 28 can be cut and without any oiscomtort or die need f ot re-sizing of existing 

removed. ^ devices. 

When the liner is formed in this maimer, the seam 28 One of the most notable properties of the present invcn- 

conqaiscs a very thin and smooth joint which Ues com- tion is its ability to effectively remove moisture from a 

pletely flat in use. When die liner is constructed in ttiis wearer's skin without die presence of a separate absorbent 

manner and placed on the wearer, it will form a snug fit layer. Wthout intending to limit die present invention to 

around the wearer's limb and provide a smooA interface such dicOTy. it is believed diat die presence of die hydro- 

between die wearer and the shelL Due to probable denslfi- philic layer of the membrane in intimate contact widi die 

cation of the material, die seam 28 acmally is of littie or no wearer's skin serves to enc ourage die removal of moisture 

^eater height tiian die surrounding materiaL As such, die while die expanded FTFE membrane prevents condensed 

liner 10 can be worn completely flush witii the wearer's skin, ^ moisture firom rc-pcnctrating to the skin to cause problems, 

with no ridge or other bunching of material to cause skin In initial tests to date, the use of the iDemhrane alone 

iuitatioD. This condition Is particularly inqicrtant for appU- between an amputee's s ^^n ana « jnUf^^gR i^^'TY^ proven 

cations where substantial weight must be iqiplied through very effective at protecting the skin from moisture build-up 

the liner 10, such as in use with a leg prosthetic or body and the skin irritation and problems inherent with it These 

orthotic, whac any irritating pressure points must be results are in stark contrast to the use of a conventional 

avoided. abs<»t»ent l^cr where irritation and rash quickly develop. 

Anodier method of constructing the liner of the present The present invention is particulariy intended for use widi 

invention employs a single sheet of membrane material 32 prosdietic devices, such as artificial hmbs, surface bearing 

which is folded upon itself to form bodi layers of die liner. sockets, sleeves, braces, and sheaths. Additionally, the liner 

As is shown in FIG. 5, die membrane 32 con^rises a doubly 50 of the present hdvendon may have numerous odier useftil 

long sheet The membrane 32 is folded along line A — ^Aand appLic^ons, such as orthotic body supports, orthosis 

each side is sealed along seam lines 34, 36. A liner formed systems, and onhotic braces, body jackets, spinal braces, 

in accordance with this construction has die additional fraction orthotics, cam walkers, etc. 

advantage of no seam line whatsoever at its base, where the n should be understood from the above list of possible 

greatest pressure points are often experienced. 55 applications, the present invention can be readily enq)loyed 

It should be evident from diis description tiiat die liner of in any Instance where a wearer must don any substantially 

the present invention may be constructed from a variety of non-hreadiable shell. 

patterns and in a variety of shapes to address particular While particular embodiments of the present invention 
^plications. For example, while an excessive number of have been illustrated and described herein, die present 
seams is to be avoided bodi for ease in construction and to 60 invention should not be limited to such illustrations and 
reduce the number of possible pressure points, in some descriptions. It should be apparent diat changes and modi- 
instances it may be desirable to construct the liner from three fications may be incorporated and embodied as part of the 
or more pieces of membrane material sealed together to [resent invention within the scope of the following claims, 
create a smooth, fitted liner. The invention claimed is: 

For higher speed construction of identically shaped liners, 65 1. A mcdiod for protecting die skin of die wearer <rf a 

a heated press 38 can be employed such as that shown in prosdietic shell device from excessive moisture retention 

FIG. 6. In this embodiment a four post hydraulic press, such whldi conqirises 


04/17/2003, EAST Version: 1.03.0002 


5,728, 

9 

(a) providing a liner which is intended to be worn between 
the sldn of a wearer's body and a substantially non- 
brealhahle outer shell of the prosthetic shell device, 
which conqirises: 

a tubular shaped liner sealed so as to form a sleeve closed ^ 
at one end; 

said liner consisting essentially of a m embrane of 
expanded polytetrafluoioethylene (FTFE) that is water 
repellent and moisture vapor permeable in which said 
membrane is joined at seams in a manner which forms 
said sleeve; 

said membrane having a layer of deophobic matoial on 
the interior surface of the membrane; 


10 

said seams of said liner being flat seams which lie flush 
with the suirounding material of the liner; and 

said liner being proportioned and conformable to provide 
a smooth fit in use; 

(b) placing the liner against the wearer's skin and then; 

(c) placing the shell over the liner so that the liner is 
smoothly positioned between the shell and the wearer's 
skin; thereby causing the liner to separate and maintain 
excess moisture apart from the wearer's skin. 

^ * 4 * * 
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